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Abstract-- Land managers increasingly need i nproved access to research

know edge that is thoroughly organi zed, condensed, and presented in a form
that is useful for problemsolving. |In this paper, we describe the
application of hyperdocunents for know edge managenent, using an exanple of a
new y devel oped hypertext encycl opedia on the southern Appal achi ans. The
Encycl opedi a of Sout hern Appal achi an Forest Ecosystens (ww. i esaf.srs.fed. us)
makes research know edge of southern Appal achi ans hardwood forests nore
accessi bl e and nore understandable to users. The Encycl opedi a synt hesi zes and
i ntegrates the past 65 years of research on southern Appal achi an upl and
ecosystens in a hyperdocunent - based encycl opedi a system accessi bl e over the
Internet. The Encyclopedia is nore than a Web site, because it incorporates
“intelligent” tools that enhance the use and navigation of the encycl opedi a
and allow it accommodate users of various skill levels and interests.

| NTRODUCTI ON

OGak is a mpjor conmponent of several predom nant forest cover types in the
sout hern Appal achians. Many social and economic institutions in this region
depend on the variety of benefits afforded by upland oak forests, such as
abundant, high-quality tinmber; plentiful and varied wildlife; extensive
recreational opportunities; and, a diversity of special forest products.

Soci oeconom ¢ concerns for oak cover types have driven substantial research
efforts in the southern Appal achians. As a result, an overwhel m ng body of

i nformati on exi sts covering many aspects of upland oak ecosystens in these
nount ai nous areas. For exanple, the Coweeta Hydrol ogi c Laboratory has
produced nearly 900 publications. Bent Creek Experinmental Forest has produced
over 287 publications. The Southern Appal achi an Assessnent (SAA) generated
nearly 3 GB of information about the status of resources in the southern

Appal achi ans ( SAMAB 1996a, b, c, d, e). A recent search of AGRI COLA for
keywords “sout hern <and> Appal achian” identified 996 articles and books
publ i shed since 1979.



Despite the accurul ation of this |arge body of research know edge, a huge gap
exi sts between what scientists know and what the nanagenent comrunity is able
to apply on the ground. Most research know edge is neither easily accessible
nor readily useabl e because it has not been synthesized and integrated into a
coherent, nmeani ngful know edge structure. In nost cases, this know edge-base
retains the fragmented nature of the many separate publications that conpose
it. Consequently, what should emerge as an integrated and coherent body of
know edge appears instead to managers as di sconnected pieces of the “whole”
that they need for applied problemsolving. The current poorly organi zed
system of information al nost guarantees that know edge is |ost, nisplaced, and
continually recreated.

Because | and nanagers deal with forest resources in aggregate, they need
know edge that captures the integrative nature of ecosystens and managenent.
Mor eover, as natural resource managenent noves froma difficult rmultiple-
resource nmanagenent paradigmto an even nore difficult ecosystem nanagenent
paradi gm the need for better and nore powerful know edge managenent aids
beconmes urgent.

Hyper docunent technol ogy provi des the power to devel op organi zed and
conpressed know edge- bases, thereby inproving the speed and accuracy with

whi ch data, information, and know edge are nmanaged. |In this paper, we
descri be the application of hyperdocunments for know edge namnagenent, using an
exanple of a newy devel oped hypertext encycl opedia on the southern

Appal achi ans. The Encycl opedi a of Sout hern Appal achi an Forest Ecosystens
(ww. i esaf.srs. fed.us) mekes research know edge of southern Appal achi ans

har dwood forests nore accessi ble and nore understandable to users. The
Encycl opedi a synthesizes and i ntegrates the past 65 years of research on

sout hern Appal achi an upl and ecosystens in a hyperdocunent-based encycl opedi a
system accessi ble over the Internet. The Encyclopedia is nore than a Wb
site, because it incorporates “intelligent” tools that enhance the use and
navi gati on of the encyclopedia and allow it accommpdate users of various skil
| evel s and interests.

Usi ng Hypertext For Know edge Managenent

The better we understand how to create, organize, manage, and deliver

know edge, the nore efficient we will be as producers, distributors, and
consuners of know edge (MRoberts and others 1991). This recognition of
know edge menagenent's inportance has elevated it to the stature of a
scientific endeavor—informatics, the science that is concerned with the
gat hering, manipul ation, classification, storage, and retrieval of recorded
know edge.

Know edge structuring is a fundanental process in know edge managenent (Burke
1985). Structuring know edge neans assinmilating research results into an
organi zed body of know edge (Schnol dt and Rauscher 1994). This activity
demands creative synthesis and results in a significant conpaction of

i nformati on. However, in nost natural |anguage text docunents used today, the
structure of the subject is nore or |ess hidden, canpuflaged by the sequentia
nature of the nmedi um and the need to gracefully and carefully transition from
one idea to the next so the reader can understand the author’s nmeaning. Wth
some notabl e exceptions (such as encycl opedias), structure in natural |anguage
text docunments is subservient to the content of the material being presented.



Several technol ogi cal devel opnents offer vast opportunities for inproving the
way we manage knowl edge: (1) the electronic conputer (ca. 1942-present), (2)
know edge- based systens (ca. 1956-present), (3) hypertext concepts and
software (ca. 1960-present), and (4) the Internet tel econmunications system
(ca. 1986-present) (Gehl and Douglas 1999, Schnol dt and Rauscher 1994).

Anyone who has accessed the Wrld Wde Web has been exposed to hyperdocunment s—
a highly nonlinear and interactive mxture of text, graphics, inmages, video,
and audi o. Abstractly, a hyperdocunent consists of a network of chunks (or
pages- organi zed collections of information that are each internally self-
cont ai ned and i ndependently understandabl e) connected by links (an electronic
cross-reference used to connect logically related chunks). Links sinulate the
ment al associ ati on between chunks in the mnd of the author (Rauscher 1994).
In contrast to natural |anguage text documents, hypertext forces the author to
explicitly highlight the structure (outline or concept map) first and forenpst
for the user. Only secondarily, is the user exposed to the content matter

Hypertext has many advantages that nmeke it well suited for creating and
publ i shing nost types of docunments, including it can be easily accessed, it
occupies little physical space, and it can be published cheaply and rapidly.
And, unlike linear print nedia that is static and assunes a single, fixed
skill level by the intended audi ence, hyperdocunments can be easily updated and
mani pul ated to fit a variety of users.

There are several exanples of hypertext know edge managenent systens,

i ncludi ng: the Encycl opedia of Al Applications to Forest Science (Rauscher
1991), the Ecol ogy and Managenment of Aspen (Rauscher and others 1995a), the
Nor t heast Deci sion Model Design Docunent (Rauscher and others 1995b), A

Hyper medi a Ref erence Systemto the Forest Ecosystem Management Assessnent Team
Report and Sone Rel ated Publications (Reynolds and others 1995), and Qak
Regeneration: A Know edge Synthesis (Rauscher and others 1997).

HYPERDOCUMENT DEVEL OPMENT

Produci ng a hyperdocunent is a mixture of the planning required for a software
project and that required for witing a book. The follow ng nethods were used
to create the Encycl opedia of Southern Appal achi an Forest Ecosystens.

I dentifying Scope And Assenbling Materia

The first step in devel oping the Encyclopedia was to precisely identify its
scope. We focused on southern Appal achian forest types that have oak as a
maj or component- ni xed nmesophytic hardwood, oak, and m xed pi ne-hardwood
forest- these constitute 75% of the forest land in the southern Appal achi ans.
We al so included additional ecol ogical and soci oeconom ¢ topics directly or
indirectly related to forest managenent (Table 1).

After identifying these topic areas, we assenbled source material for each
area. We focused primarily on secondary literature (review articles,

nonogr aphs, and textbooks) because it generally offers an organi zed synthesis
of useful know edge gl eaned fromthe primary literature. \Wherever possible,
we asked various experts to identify inportant pieces of secondary literature.
Once col lected, this source material was scanned to create el ectronic versions
usi ng optimal character recognition software (Omi Page Pro 109).

Identify Know edge Content And Structure
The next step in the Encycl opedia’s devel opnent was to design a conprehensive



outline for the entire hyperdocunent. W used Frontpage® an HTM. editor,

whi ch of fers a conveni ent navigational view ideal for constructing the
hyperdocument’s structure. Using this outline in Frontpage® paragraphs from
the el ectronic versions of source docunents were uncerenoniously dunped into
appropriate pages until all paragraphs of all source material had been
“paged.”

Witing And Editing Pages

After the paging process, each page in the hyperdocunent contai ned nunerous
paragraphs fromdifference source material roughly covering the same subject
matter. Hypertext authors then organi zed this disparate material, synthesized
the main ideas and wote an original summary with appropriate citations from
the original literature source.

An inportant concept that was considered when witing these pages was that,
since a reader can arrive at a particular location in the hyperdocunment from
many different directions, the author could no |onger rely on sequentia
reading to present material. Each page of the hyperdocunent was witten to be
i ndependent |y under standabl e, nuch as we demand that journal figures and
tabl es be self-contained. Also, reconmended hyperdocunent guidelines strongly
suggest that no nore than 3-5 screens of information be contained in a single
page. Therefore, if a hyperdocument page resulted in nmore than 3-5 screens of
material, it was split along logical lines into nore detail ed sub-pages.

Several additional witing guidelines were used to ensure readers could
conmprehend these content pages quickly and easily. For exanple, each page was
given a descriptive title, section headings and significant text was in put
into bold, and bulleted lists were used wherever possible. Finally, all pages
were formatted so that they had a uniform| ook and feel

Constructing Navi gational Tools

The single greatest difficulty of hyperdocunent users is navigating to find
desired informati on wi thout getting disoriented. The navi gati on problem can be
alleviated if authors pay careful attention to navigation devices. W

i ncorporated the followi ng navigational systenms and aids into the

Encycl opedi a.

- G obal navigation system d obal navigation aids allow readers (a) to
determine their present |ocation, (b) to have some idea of that
| ocation's relation to other materials, (c) to return to their starting
point, and (d) to explore materials not directly linked to those in
which they presently find thenselves. The Encycl opedi a uses a |inked
coll apsible nmenu as its primary global navigational tool (present in the
left frame of Figure 1). Contents can be browsed through and |inked to
t hrough this collapsible nmenu. O her exanples of global navigationa
aids that are used in the Encyclopedia are: table of contents, full text
search tools, and figure and table indices.

- Local navigation system Local navigation aids provide the user with
access to know edge chunks that have some | ogical relationship with the
current chunk. Hyperlinks within the content pages nake up the |oca
navi gati on system These |links can be used to nove sequentially within a



subj ect area. Cross-links enbedded within the text can be used to nove
laterally within the encyclopedia to related topics.

- Intelligent navigational aids: Intelligent navigation aids attenpt to
hel p the user select a path through the hyperdocunent that is tailored
for a particular use at a particular tine. This nmeans that the aids are
constructed uniquely for each user each tinme that user enters the
hyperdocunent. They are not pre-stored in the system As the
hyper docunent i s updated, the machi ne-generated navigation aids wll
automatically include these updates in their outlines, maps, or
diagranms. Currently, intelligent navigational aids are being devel oped
for the encyclopedia that will help users select paths through the
hyper docunent .

Eval uation And Verification

Eval uation and verification of the Encycl opedia began as soon as a prototype
was avail able, and will continue throughout the entire devel opnent phase.
This step is inportant in ensuring |ink consistency and correcting gl obal and
| ocal navigational problens. Three types of people are involved in this
process: 1) copy editors, 2) subject matter experts for content accuracy, and
3) representatives of the target audience to verify ease of use and clarity.

CONCLUSI ONS

The Encycl opedi a of Southern Appal achi an Forest Ecosystens constitutes a
framewor k for organi zi ng what know edge currently exists on southern

Appal achi an forests and for inproving access to that know edge. It provides a
core know edge managenent aid for private |andowners and professional forest
managers in the region. The npbst expensive part of creating any such product
is the synthesis and organi zation of the available data, information, and
know edge. This hypernedia core, then, lends itself to numerous uses
including its use as the source docunent for other, nore traditional
synthesi s products, such as manual s, review papers, and reports. Because our
needs i n southern Appal achi an ecosystem nanagenent are not uni que, the
concepts and techni ques devel oped in this encycl opedia project could be
broadly applied to other know edge application needs in other |and nanagenent
di sci pli nes.

O ten where know edge exists as distinct and narrowmy focused publications,
know edge gaps are not easily identified, inmportant know edge devel oped a
decade or nmore in the past is unknown, and the interesting, but relatively

uni nportant, research problens cannot be distinguished fromthose that are
both interesting and critically inportant. The process we've outlined of

synt hesi zing and integrating know edge from di verse sources will enable us to
better eval uate what know edge does not exist—where the gaps in our
understandi ng are. Therefore, we also viewthe resulting product as an aid to
scientific investigation, in addition to its role as managers' tool
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Table 1. Topics included in version 1.0 of the Encycl opedia of Southern Appal achi an Forest
Ecosystens (www. i esaf.srs.fed. us).

- Site quality evaluation and - Forest insects and di seases
classification - Air quality, water quality

- Predicting and nodel i ng har dwood - Ecol ogy and managenent of aquatic
regeneration resour ces

- Concepts of silviculture - Ecology and managenent of wildlife

- (Gak ecol ogy and managemnent - Non-tinber forest products

- Yel | ow popl ar ecol ogy and nmanagenent - Biogeochemi cal cycles

- Silvics of other hardwood species - Disturbance types and successi ona

- Managing lowquality stands processes

- Aternative silvicultural systens - Wl derness and roadl ess areas

- Methods and effects of prescribed - Recreational supply, denmand, and
bur ni ng i mpact s

- Tinber harvesting and use - Threatened and endangered speci es

- Tinber supply and demand - Od-growh forests

- Decision naking in forest nmanagenent - Biodiversity
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Figure 1. A sanple display fromthe existing “Encycl opedia of Southern
Appal achi an Forest Ecosystens” showi ng the introductory page for the
silviculture section to be found on the Internet at
(http://iesaf.soforext.net/indexManagenment. htm ?file_i d=101).



